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MicroRNA miR-126 attenuates brain injury in septic rats via NF-κB signaling 
pathway
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ABSTRACT
The purpose of this study was to investigate the impact and mechanism of microRNA miR-126 on 
brain injury induced by blood-brain barrier (BBB) damage in septic rats. We used cecal ligation and 
perforation (CLP) to create a rat model of sepsis. The experimental rats were randomly divided 
into Control group, CLP group, CLP + miR-NC group, CLP + miR-126 group and CLP + miR-126 
+ NF-κB pathway agonist (PMA) group. MiR-126 expressed in the brain tissue of CLP rats was 
down-regulated by qRT-PCR. Upregulation of miR-126 in CLP rats could improve brain injury and 
BBB marker protein level, reduce brain water content, Evans blue extravasation, inflammation, and 
excessive oxidative stress. This could also result in an inhibition of NF-κB signaling pathway 
activity. In conclusion, miR-126 overexpression can prevent brain injury caused by BBB damage 
via the inhibition of NF-κB signaling pathway activity.
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Introduction

Urinary, respiratory, digestive tract, and central 
nervous system infections or trauma, surgery and 
other factors could result in a systemic inflamma-
tory response syndrome (SIRS) known as sepsis 
[1]. Sepsis can easily lead to multiple organ dys-
function and is associated with a high mortality 
[2]. This disease has been demonstrated to threa-
ten the life safety of patients. Incidence and mor-
tality rates related to sepsis remain high even with 

the progress made in the field of diagnosis and 
treatment. Patients with sepsis-associated encepha-
lopathy (SAE) account for about 52% of the total 
number of sepsis patients; the more severe the 
encephalopathy is, the higher the mortality rate is 
[3]. SAE patients often suffer from serious cogni-
tive dysfunction, resulting in a decline in the qual-
ity of life. SAE is reported to be a consequence of 
neurotoxic substances entering the brain due to 
changes in blood-brain barrier (BBB) permeability, 
inducing insufficient cerebral perfusion and 
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neuroinflammation [4]. Other studies have 
pointed out that disturbance on the body’s inflam-
matory response balance by sepsis is the key to 
multiple organ failure [5]. However, the patholo-
gical changes of SAE are very complex, and there 
is not yet a good treatment plan. Therefore, further 
analysis and research are needed.

Non-coding short-chain RNA with a length of 
around 20 nt is known as microRNA (miRNA). 
Research has demonstrated that miRNAs are key 
in the manifestation of diseases [6]. In terms of 
sepsis, many miRNAs are regarded as biomarkers 
or prognostic indicators for patients [7], suggest-
ing that miRNAs are closely related to sepsis. 
Studies have shown that overexpressed miR-210 
and miR-494 are key in inducing acute kidney 
injury (AKI) in septic individuals and they have 
the potential to be the prognosis indicators of AKI 
[8]. Tong et al. [9] found that upregulation of 
miR-146b-5p suppressed KLF4 expression and 
was involved in intestinal injury in sepsis. Song 
et al. [10] showed that downregulation of miR- 
122-5p inhibited lipopolysaccharide-induced oxi-
dative stress, inflammation and apoptosis in car-
diomyocytes, thereby preventing sepsis-induced 
myocardial injury. These studies have shown that 
miRNAs play a crucial role in sepsis-induced 
organ failure. On the other hand, Chen et al. dis-
covered a significant decrease in serum obtained 
from septic patients; the degree of miR-126-3p 
downregulation is in correlation with septic sever-
ity [11]. Meanwhile, research has revealed that 
upregulation of miR-126 expression in septic rats 
is able to activate AKT/Rac1 signaling pathway, 
thereby inhibiting sepsis inflammation and 
improving the prognosis of septic mice [12]. 
However, there are few studies on the miR-126 
involvement in SAE progression.

Nuclear factor kappa B (NF-κB) is a broad 
range of transcription factors that control 
a variety of biological processes, including inflam-
mation and apoptosis [13]. Shang et al. [14] 
showed that butorphanol could have 
a therapeutic effect on brain injury in septic rats 
by inhibiting the NF-κB signaling pathway. 
Funahashi et al. [15] found that miR-146a inhib-
ited NF-κB signaling pathway activation and pre-
vented sepsis-induced multi-organ damage. 
However, studies on miR-126 regulating NF-κB 

signaling pathway in sepsis have not been 
reported. Therefore, we speculated that miR-126 
could also ameliorate sepsis-induced brain injury 
by inhibiting the activity of NF-κB signaling path-
way. This study explores the effects of miR-126 on 
SAE and their mechanism by constructing cecal 
ligation and perforation (CLP) rat model of sepsis, 
in order to establish a theoretical basis to revolve 
around therapeutics of SAE.

1 Material and methods

1.1 Establishment and grouping of a sepsis rat 
model

Thirty-six male SD rats aged 6 to 8 weeks, weight 
180–220 g, were chosen and randomized into six 
groups. After one week of adaptive feeding, septic 
rat models were established by CLP. Preoperative 
fasting for 24 h was conducted with the exception 
of unlimited water drinking. Post-fasting subjects 
were injected with anesthesic intraperitoneally 
containing 10% chloral hydrate (0.3 g/kg); no 
peritonitis, pain, discomfort, and other symptoms 
were observed after injection. Anesthesia depth 
was determined by the pinch test. Laparotomy 
was used to expose the cecum post-general- 
anesthesia. Ligation of the cecum was done at 
the 1/2 mark. In the area with the least blood 
vessels, a needle was used to puncture the cecum 
followed by the removal of a minimal quantity of 
content from the pierced site. After this, the 
cecum was relocated and the wound sutured. 
Subcutaneous injection of 30 mL/kg saline for 
anti-shock was used to finish creating the CLP 
model. In the control group, the abdominal cavity 
was closed without any operation after laparot-
omy. Six hours after CLP model operation, 
experimental groups were injected via the tail 
vein with 10 μg negative agomir (CLP + miR- 
NC group), 10 μg miR-126 agomir (CLP + miR- 
126 group), 2 μg/kg NF-κB pathway agonist 
(PMA) (CLP + PMA group) [16], and miR-126 
agomir combined with PMA (CLP + miR-126 
+ PMA group). Twenty-four hours after CLP 
modeling, rats in different treatment groups 
were examined for various parameters, followed 
by venous blood taken from rats’ orbital vein; 
then rats were euthanized to collect rat brain 
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tissue. MiR-126 agomir was obtained from 
Guangzhou RiboBio Co., LTD (Guangzhou, 
China). The concentration of miR-126 agomir 
was 10 μg per rat every 3 days as previously 
described [17]. This study was approved by the 
Medical Ethics Committee of Affiliated Hospital 
of Youjiang Medical University for Nationalities 
(2020–12-8).

1.2 qRT-PCR

Brain tissue from rats in each treatment group 
(n = 3 per group) was used to extract total RNA 
using the TRizol method. A random primer reverse 
transcription kit (Thermo, USA) was used to pre-
pare the cDNA after RNA concentration and purity 
were measured. The SYBR GREEN kit (TaKaRa, 
Japan) was used following protocols to distinguish 
the expression level of miR-126. U6 was used as the 
internal reference with the addition of six replicas 
arranged for the study. Quantitative analysis with 
the 2 − ΔΔCt method was used to calculate the relative 
expression of target gene.

1.3 Neurobehavioral assessment

Three experimenters were blinded to the neurobe-
havioral assessment of rats (n = 6 per group). After 
24 h of CLP modeling, rats were evaluated for 
auricular, corneal, righting, tail-flick, and escape 
reflexes. The criteria for assessing reflexes are as 
follows: 0 = absent, 1 = diminished (within 
10 min), and 2 = normal. The most that could be 
scored was 10 points; the lower the score, the more 
serious the brain injury was.

1.4 Detection of brain water content

The dry-wet ratio method was used to determine 
the water content present in rat brain tissue within 
the individual groups (n = 3 per group). The 
collected brain tissue was removed from the olfac-
tory bulb, cerebellum, and low brainstem and was 
weighed at once, and the value was considered as 
the wet weight. The dry weight of the brain tissue 
was measured after drying of the tissue sample 
(85°C, 24 h) and the contents of water were calcu-
lated as previously described [18].

1.5 Evans blue (EB) extravasation method to 
detect BBB permeability

After 24 h of CLP modeling, rats (n = 3 per group) 
were intravenously injected with 45 mg/kg EB dye 
(Sigma-Aldrich Corp). After 2 h, 18 mg/kg pento-
barbital sodium was injected intraperitoneally. After 
completed anesthesia, the thoracic cavity was 
opened and perfused with heparin saline (0.9% 
sodium chloride + 20 U/mL heparin sodium) into 
the left ventricle. Rats were executed 2 min later and 
the brain tissue was immediately isolated and stored 
overnight in a refrigerator at 4°C to measure the wet 
weight. The brain tissue was incubated with 150 μL 
of formamide at 70°C for 8 h, then centrifuged at 4° 
C for 5 minutes at 6000 r/min before an enzyme- 
labeled instrument was used to determine the absor-
bance of the supernatant at 620 nm. Based on the 
standard curve of EB, the concentration of EB in 
brain tissue and plasma was calculated. BBB perme-
ability was presented by the content of EB, which is 
equal to the concentration of EB over the brain wet 
weight (μg/g).

1.6 ELISA detection

1.6.1 Detection of inflammatory factors in serum
The venous blood (n = 6 per group) was put under 
4°C and centrifuged at 1000 r/min for 10 minutes. 
The supernatant of the serum was moved into a new 
centrifuge tube, packed, and stored at −80°C. ELISA 
kit was used to detect TNF-α, IL-6, IL-1β, and IL-10 
levels in serum according to kit instructions.

1.6.2 Detection of oxidative stress-related 
indicators in brain tissue
The homogenizer tube was used to homogenize 
30 mg of isolated rat brain tissue (n = 3 per 
group). Homogenized tissue was then centrifuged 
at 4°C at 9000 r/min for 10 min before the super-
natant was collected in the new centrifuge tube. 
Brain tissue catalase (CAT), superoxide dismutase 
(SOD), and malondialdehyde (MDA) activities 
were acquired by the ELISA kit.

1.7 Western blot

A nuclear protein extraction kit (Sigma-Aldrich, 
USA) was used to obtain NF-κB (p65) and p65 in 
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the nucleus and cytoplasm, respectively, from rat 
brain tissue in each group (n = 3 per group). RIPA 
buffer was used in the extraction of protein. 
A BCA kit (Thermo, USA) was used to calculate 
the concentration of protein before it underwent 
separation using a 10% SDS-PAGE gel. The pro-
duct was then transported to the PVDF mem-
brane. The sample was then placed in 5% skim 
milk for 1 hour for blocking. This was then incu-
bated with the primary antibody at 4°C overnight. 
The sample was further incubated at room tem-
perature with the relative secondary antibody for 
one hour the day after. After washing with TBST, 
ECL chemiluminescence substrate was added and 
reacted for 3 min. The gel imaging system was 
used to collect images with the Image LabTM 
Software incorporated to examine the gray bands 
of the protein bands gained. Cytoplasmic proteins 
were normalized using β-actin as an internal refer-
ence, while nuclear proteins were normalized 
using H3 as an internal reference.

1.8 Statistical analysis

SPSS 25.0 was used for statistical analyses. Data 
were presented as mean ± standard deviation (SD). 
For comparison, one-way ANOVA followed by 
LSD t-test or Student’s t-test was used to evaluate 
difference between more than two groups or two 
groups, respectively. P < 0.05 was considered as 
significant difference.

2 Results

2.1 Downregulation of miR-126 expressed in 
septic rat brain tissue

The expression of miR-126 in brain tissues of CLP 
rats was first detected by qRT-PCR. The results 
showed that the level of expressed miR-126 in the 
brain tissue of CLP rats was notably decreased in 
comparison with the control group (Figure 1, 
P < 0.05).

2.2 miR-126 can improve the neurobehavioral 
score of septic rats

To determine the effect of miR-126 on brain injury 
in septic rats, we performed neurobehavioral 

scoring on each group of rats. The control group 
was scored 10 points in the neurobehavioral eva-
luation. In comparison, scores of rats in the 
experimental groups dropped remarkably: in com-
parison to the CLP + miR-NC group, there was 
a massive rise in the scores of CLP + miR-126 
group; compared to CLP + miR-126 + PMA 
group, CLP + miR-126 group’s score remarkedly 
increased and that of CLP + PMA group 
decreased. When compared to CLP group, CLP + 
PMA group had scores that conspicuously 
decreased (Figure 2, P < 0.05). Therefore, it can 
be concluded that miR-126 may enhance neurobe-
havioral activity in septic rats. It can also weaken 
the inhibitory effect of PMA on the neurobeha-
vioral activities of septic rats.

2.3 Effect of miR-126 on BBB in septic rats

The contents of water and EB extravasation in rat 
brain tissue from CLP group remarkably increased 
with a significant drop in expression levels of BBB- 
related proteins claudin-5 and occludin, in com-
parison with the control group. In contrast, after 
overexpression of miR-126, the brain tissue water 
content and EB extravasation in CLP-induced rats 
were significantly reduced, and the expression of 
claudin-5 and occludin was significantly increased. 

Figure 1. Down-regulation of miR-126 expression in brain tis-
sue of CLP rats.
Brain tissues were collected from each group of rats, and the 
expression of miR-126 in the tissues was detected by qRT-PCR. 
***P < 0.001. 
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In addition, the mitigating effect of miR-126 on 
brain injury was eliminated in the CLP+miR-126 
group when overexpression of miR-126 was 
accompanied by activation of NF-κB signaling 
pathway (Figure 3a-C, P < 0.05). In conclusion, 
miR-126 could reduce the water content of brain 
tissue in septic rats and BBB permeability, pro-
mote BBB-related protein expression, and alleviate 
the damage of BBB in septic rats. It can weaken 
the effect of PMA on BBB.

2.4 Effects of miR-126 on serum levels of 
inflammatory cytokines TNF-α, IL-6, IL-1β, 
and IL-10 in septic rats

ELISA results revealed that in comparison with 
the control group, TNF-α, IL-6, and IL-1β pro- 
inflammatory factor levels in rat serum in CLP 
group raised remarkably, while IL-10 anti- 
inflammatory factor level dropped. After activa-
tion of NF-κB signaling pathway in CLP rats 
(CLP+PMA group), rats exhibited higher levels of 
inflammatory factors. After overexpression of 
miR-126, serum expression of pro-inflammatory 
factors was decreased and expression of anti- 

inflammatory factors was increased in CLP rats. 
In contrast, the inhibitory effect of miR-126 on 
inflammatory factors in CLP rats was diminished 
after concomitant activation of NF-κB signaling 
pathway (Figure 4a-D, P < 0.05). The above data 
conclusively indicated that miR-126 could signifi-
cantly decrease serum pro-inflammatory factors 
and raise anti-inflammatory factor levels in CLP 
rats, thereby alleviating septic rats’ inflammatory 
responses.

2.5 Effects of miR-126 on CAT, SOD and MDA 
activities in brain tissue of septic rats

The effect of miR-126 on oxidative stress in septic 
rats was further determined. ELISA results showed 
that the activities of CAT and SOD were signifi-
cantly lower and the activity of MDA was signifi-
cantly higher in the brain tissues of CLP rats 
compared with the control group. The activities 
of CAT and SOD in the brain tissue of septic rats 
were significantly increased and the activities of 
MDA were significantly decreased after overex-
pression of miR-126. The levels of the above oxi-
dative stress molecules were reversed upon 
overexpression of miR-126 along with activation 
of NF-κB signaling pathway (Figure 5a-C, 
P < 0.05). From the above results, it can be con-
cluded that miR-126 was able to increase CAT and 
SOD activity and decrease MDA activity in the 
brain tissue of septic subjects.

2.6 Effect of miR-126 on NF-κB signaling 
pathway

Finally, we analyzed the molecular mechanism of 
miR-126 inhibition of CLP-induced brain injury in 
septic rats. Compared with the control group, the 
protein expression levels of IκBα and p65 (cyto-
plasm) were significantly decreased and the 
expression levels of p-IKKβ, p-IκBα and p65 
(nucleus) were significantly increased in the brain 
tissue of rats in the CLP group, which activated the 
NF-κB signaling pathway activity, while overex-
pression of miR-126 inhibited the NF-κB signaling 
pathway activity. Compared with the CLP+miR- 
126 group, the NF-κB signaling pathway activity 
was activated again in the CLP+miR-126+ PMA 
group (Figure 6a-C, P < 0.05). To conclude, miR- 

Figure 2. Neurobehavioral scores of rats in different treatment 
groups.
The rats in each group were neurobehaviorally assessed after 
24 h of treatment. *P < 0.05 vs. control group, ** P < 0.01 and 
***P < 0.001; #P < 0.05 vs. CLP + miR-NC group; &P < 0.05 vs. 
CLP + miR-126 + PMA group, &&P < 0.01; $P < 0.05 vs. CLP 
group. 
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126 was able to inhibit NF-κB signaling pathway 
activity and to reduce NF-κB signaling pathway 
activation by PMA.

3 Discussion

MiRNAs are ubiquitous in eukaryotes, and they 
are highly conserved, playing various functions in 
the development of individuals or diseases [19], 
such as promoting nerve development and cancer 
development. This study observed that the level of 
miR-126 expressed in SAE brain tissue reduced 
noticeably. Moreover, if miR-126 level climbed in 
CLP rats, it could greatly improve the neurobeha-
vioral assessment scores in septic rats, indicating 
that miR-126 could avoid the damage of sepsis to 
the brain tissue of rats. Studies have shown that 
the damage of sepsis to brain tissue is mainly in 
the destruction of BBB, exposing brain tissue to 
the pathogenic environment and increasing the 

risk of brain injury [20]. Also, Pan et al. have 
described that the decrease of miR-126 expression 
is essential for the damage of BBB generated by 
arterial occlusion [21]. Fu et al. pointed out that 
increasing the expression of miR-126 can reduce 
the damage of BBB caused by cerebral hemorrhage 
[22]. In this study, increased miR-126 expression 
in CLP rats can noticeably lower the elevation of 
brain water content and EB extravasation brought 
on by sepsis and restore BBB-related proteins- 
claudin-5 and occludin expressions, indicating 
that upregulating the expression of miR-126 in 
CLP rats can reduce sepsis-induced BBB damage. 
In other words, the damage of sepsis to brain 
tissue might be caused by the downregulation of 
miR-126 expression.

Nowadays, studies believe that one of the 
mechanisms of sepsis-induced severe infection is 
causing an imbalance between inflammatory fac-
tors and anti-inflammatory factors [23]. Studies 

Figure 3. Water content and EB extravasation in brain tissue of rats in different treatment groups.
A. Determination of water content in brain tissue of rats in each group by dry-wet specific gravity method; B. Evans blue 
extravasation method to detect blood-brain barrier permeability C. Western blot to detect the expression of claudin-5 and occludin 
proteins in rats of each group. *P < 0.05, **P < 0.01 vs. control group; #P < 0.05 vs. CLP + miR-NC group; &P < 0.05, &&P < 0.01 vs. 
CLP + miR-126 + PMA group; $P < 0.05, $$ P < 0.01 vs. CLP group. 
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have pointed out that sepsis-induced CAT and 
SOD activity decreased significantly and MDA 
activity increased significantly. These changes con-
tribute to one of the reasons for the destruction of 

the BBB, that is, reducing the protective effect of 
oxidative stress on nerves [24]. CAT and SOD 
have the effect of scavenging oxidative free radicals 
(ROS), and MDA is regularly used to evaluate 

Figure 4. Levels of TNF-α, IL-6, IL-1β and IL-10 in the serum of rats in different treatment groups.
Serum was collected from each group of rats. A. Detection of TNF-α expression in rats of each group by ELISA; B. Detection of IL-1β 
expression in rats of each group by ELISA; C. Detection of IL-10 expression in rats of each group by ELISA; D. Expression of IL-6 in rats 
of each group was detected by ELISA. *P < 0.05, ** P < 0.01 and ***P < 0.001 vs. control group; # P < 0.05, ##P < 0.01 vs. CLP + miR- 
NC group; &P < 0.05, &&P < 0.01 vs. CLP + miR-126 + PMA group; $P < 0.05 vs. CLP group. 

Figure 5. Activities of CAT, SOD and MDA in brain tissue of rats in different treatment groups.
A. Detection of CAT activity in rats of each group by ELISA; B. Detection of SOD activity in rats of each group by ELISA; C. The activity 
of MDA in rats of each group was detected by ELISA. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control group; #P < 0.05 vs. CLP + miR- 
NC group; &P < 0.05 vs. CLP + miR-126 + PMA group; $P < 0.05 vs. CLP group. 
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peroxidation levels. In this study, pro- 
inflammatory cytokine (TNF-α, IL-6, and IL-1β) 
levels and serum MDA activity in CLP rats were 
remarkably suppressed by miR-126 expression, 
while anti-inflammatory cytokine (IL-10) levels 
and CAT and SOD activities elevated, thereby 
alleviating persistent damage caused by excessive 
inflammation and oxidation response.

Multiple studies have pointed out that NF-κB 
signaling pathway is the key to brain injury. Qu 
et al. pointed out that NF-κB signaling pathway 
activity inhibition can slow down the disturbance 
by subarachnoid hemorrhage to brain tissue [25]. 
Li et al. found that inhibiting the signaling path-
way can avoid the damage caused by traumatic 
brain injury (TBI) to brain tissue [26]. The basis 
of inducing cerebral injury is NF-κB signaling 
pathway activation. Therefore, this study further 
explored the relationship between miR-126 and 

NF-κB signaling pathway using western blot. The 
data suggested that miR-126 could significantly 
reduce p-IKKβ and p-IκBα expressions and 
increase IKKβ expression, resulting in 
a reduction in the p-IKKβ/IKKβ and p-IκBα/ 
IκBα ratios. Results have also shown that over-
expressed miR-126 in CLP rats might inhibit NF- 
κB signaling pathway activity and interfere with 
PMA activation, thereby exerting the protective 
effect of miR-126 on brain tissue and alleviating 
SAE brain injury. According to other studies, 
unphosphorylated IKKβ and IκBα can keep NF- 
κB (p-65) in the cytoplasm, and prevent pMu65 
from transferring to the nucleus and initiating 
stress responses such as apoptosis, causing damage 
to cells [27]. In contrast, p-IKKβ and p-IκBα 
would promote the nuclear transfer of p-65, caus-
ing damage to cells. In this study, by detecting 
p-65 in cytoplasm and nucleus, it was confirmed 

Figure 6. Effects of different treatments on blood-brain barrier related proteins and NF-κB signaling pathway in rat brain tissue.
A. Western blot was used to detect the expressions of IKKβ, IκBα, p-IKKβ and p-IκBα in rats of each group; B. Western blot was used 
to detect the expression of p65 in the nucleus and cytoplasm of rat brain tissue in each group. *P < 0.05, **P < 0.01 vs. control 
group; #P < 0.05 vs. CLP + miR-NC group; &P < 0.05 vs. CLP + miR-126 + PMA group; $P < 0.05 vs. CLP group. 
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that miR-126 could inhibit the transfer of p-65 
from the cytoplasm to the nucleus and avoid the 
damage of p-65 to cells.

4 Conclusions

In a nutshell, miR-126 expression was lowered in 
brain tissue of septic rats. Overexpression of miR- 
126 can improve brain injury in CLP rats through 
the inhibitions on NF-κB signaling pathway activ-
ity, inflammatory response and oxidation stress 
after brain injury. However, the molecular 
mechanism of miR-126 regulating NF-κB signaling 
pathway and its role in sepsis-induced brain injury 
remain to be further explored.

Highlights

(1) MiR-126 is down-regulated in the brain tis-
sue of cecal ligation and perforation (CLP)- 
induced rats.

(2) MiR-126 overexpression improves brain 
injury and BBB marker protein level in 
CLP rats.

(3) MiR-126 overexpression inhibits inflamma-
tion and excessive oxidative stress in CLP 
rats.

(4) MiR-126 overexpression suppresses NF-κB 
signalling pathway activity.

Ethics approval

This study was approved by the Medical Ethics Committee of 
Affiliated Hospital of Youjiang Medical University for 
Nationalities (2020-12-8)

Conflict of interests

The authors claim that there is no conflict of interest between 
them

Data Availability Statement:

Not Applicable

Disclosure of potential conflicts of interest

No potential conflict of interest was reported by the 
author(s).

Funding

High-level Talent Research Project of Affiliated Hospital of 
Youjiang Medical University for Nationalities 
�No.202011704).

References

[1] Maloney PJ. Sepsis and septic shock. Emerg Med Clin 
North Am. 2013;31(3):583–600.

[2] Xu H, Qi Q, Yan X. Myricetin ameliorates 
sepsis-associated acute lung injury in a murine sepsis 
model. Naunyn Schmiedebergs Arch Pharmacol. 
2021;394(1):165–175.

[3] Golzari SE, Mahmoodpoor A. Sepsis-associated ence-
phalopathy versus sepsis-induced encephalopathy. 
Lancet Neurol. 2014;13(10):967–968.

[4] Wilson JX, Young GB. Progress in clinical neuros-
ciences: sepsis-associated encephalopathy: evolving 
concepts. Can J Neurol Sci. 2003;30(2):98–105.

[5] Lipcsey M, Castegren M, Bellomo R. Hemodynamic 
management of septic shock. Minerva Anestesiol. 
2015;81(11):1262–1272.

[6] Orosz E, Kiss I, Gyöngyi Z, et al. Expression of circu-
lating miR-155, miR-21, miR-221, miR-30a, miR-34a 
and miR-29a comparison of colonic and rectal cancer. 
In Vivo. 2018;32(6):1333–1337.

[7] Lin Y, Ding Y, Song S, et al. Expression patterns and 
prognostic value of miR-210, miR-494, and miR-205 in 
middle-aged and old patients with sepsis-induced acute 
kidney injury. Bosn J Basic Med Sci. 2019;19:249–256.

[8] Chen Y, Qiu J, Chen B, et al. Long non-coding RNA 
NEAT1 plays an important role in sepsis-induced acute 
kidney injury by targeting miR-204 and modulating the 
NF-κB pathway. Int Immunopharmacol. 
2018;59:252–260.

[9] Tong L, Tang C, Cai C, et al. Upregulation of the 
microRNA rno-miR-146b-5p may be involved in the 
development of intestinal injury through inhibition of 
Kruppel-like factor 4 in intestinal sepsis. 
Bioengineered. 2020;11(1):1334–1349.

[10] Song W, Zhang T, Yang N, et al. Inhibition of micro 
RNA miR-122-5p prevents lipopolysaccharide-induced 
myocardial injury by inhibiting oxidative stress, 
inflammation and apoptosis via targeting GIT1. 
Bioengineered. 2021;12(1):1902–1915.

[11] Chen C, Zhang L, Huang H, et al. Serum miR-126-3p 
level is down-regulated in sepsis patients. Int J Clin 
Exp Pathol. 2018;11(5):2605–2612.

[12] Wang HF, Wang YQ, Dou L, et al. Influences of 
up-regulation of miR-126 on septic inflammation and 
prognosis through AKT/Rac1 signaling pathway. Eur 
Rev Med Pharmacol Sci. 2019;23(5):2132–2138.

[13] Dai R, Phillips RA, Ahmed SA. Despite inhibition of 
nuclear localization of NF-kappa B p65, c-Rel, and 
RelB, 17-beta estradiol up-regulates NF-kappa 

BIOENGINEERED 2647



B signaling in mouse splenocytes: the potential role of 
Bcl-3. J Immunol. 2007;179(3):1776–1783.

[14] Shang X, Lin K, Yu R, et al. Resveratrol protects the 
myocardium in sepsis by activating the phosphatidyli-
nositol 3-Kinases (PI3K)/AKT/mammalian target of 
rapamycin (mTOR) pathway and inhibiting the nuclear 
factor-κB (NF-κB) signaling pathway. Med Sci Monit. 
2019;25:9290–9298.

[15] Funahashi Y, Kato N, Masuda T, et al. miR-146a targeted 
to splenic macrophages prevents sepsis-induced multiple 
organ injury. Lab Invest. 2019;99(8):1130–1142.

[16] Liu C-H, Hua N, Fu X, et al. Metformin regulates atrial 
SK2 and SK3 expression through inhibiting the PKC/ 
ERK signaling pathway in type 2 diabetic rats. BMC 
Cardiovasc Disord. 2018;18(1):236–236. DOI:10.1186/ 
s12872-018-0950-x

[17] Guo H, Tang L, Xu J, et al. MicroRNA-495 serves as 
a diagnostic biomarker in patients with sepsis and 
regulates sepsis-induced inflammation and cardiac 
dysfunction. Eur J Med Res. 2019;24(1):37.

[18] Song YM, Qian Y, Su WQ, et al. Differences in patho-
logical changes between two rat models of severe trau-
matic brain injury. Neural Regen Res. 2019;14 
(10):1796–1804.

[19] Gomes CPC, de Gonzalo-Calvo D, Toro R, et al. Non- 
coding RNAs and exercise: pathophysiological role and 
clinical application in the cardiovascular system. Clin 
Sci (Lond). 2018;132(9):925–942.

[20] Nwafor DC, Brichacek AL, Mohammad AS, et al. 
Targeting the blood-brain barrier to prevent 

sepsis-associated cognitive impairment. J Cent Nerv 
Syst Dis. 2019;11:1179573519840652.

[21] Pan J, Qu M, Li Y, et al. MicroRNA-126-3p/-5p over-
expression attenuates blood-brain barrier disruption in 
a mouse model of middle cerebral artery occlusion. 
Stroke. 2020;51(2):619–627.

[22] Fu X, Niu T, Li X. MicroRNA-126-3p attenuates intra-
cerebral hemorrhage-induced blood-brain barrier dis-
ruption by regulating VCAM-1 expression. Front 
Neurosci. 2019;13:866.

[23] Chepurnova DA, Samoilova EV, Anisimov AA, et al. 
Compounds of IL-6 receptor complex during acute 
lung injury. Bull Exp Biol Med. 2018;164(5):609–611.

[24] Barichello T, Fortunato JJ, Vitali AM, et al. Oxidative 
variables in the rat brain after sepsis induced by cecal 
ligation and perforation. Crit Care Med. 2006;34 
(3):886–889.

[25] Qu J, Zhao H, Li Q, et al. MST1 suppression reduces 
early brain injury by inhibiting the NF-κB/MMP-9 
pathway after subarachnoid hemorrhage in mice. 
Behav Neurol. 2018;2018:6470957.

[26] Tao L, Li D, Liu H, et al. Neuroprotective effects of 
metformin on traumatic brain injury in rats associated 
with NF-κB and MAPK signaling pathway. Brain Res 
Bull. 2018;140:154–161.

[27] Čebatariūnienė A, Kriaučiūnaitė K, Prunskaitė J, et al. 
Extracellular vesicles suppress basal and lipopolysac-
charide-induced NFκB activity in human periodontal 
ligament stem cells. Stem Cells Dev. 2019;28 
(15):1037–1049.

2648 A. NONG ET AL.

https://doi.org/10.1186/s12872-018-0950-x
https://doi.org/10.1186/s12872-018-0950-x

	Abstract
	Introduction
	1  Material and methods
	1.1  Establishment and grouping of asepsis rat model
	1.2 qRT-PCR
	1.3  Neurobehavioral assessment
	1.4  Detection of brain water content
	1.5  Evans blue (EB) extravasation method to detect BBB permeability
	1.6  ELISA detection
	1.6.1  Detection of inflammatory factors in serum
	1.6.2  Detection of oxidative stress-related indicators in brain tissue

	1.7  Western blot
	1.8  Statistical analysis

	2  Results
	2.1  Downregulation of miR-126 expressed in septic rat brain tissue
	2.2 miR-126 can improve the neurobehavioral score of septic rats
	2.3  Effect of miR-126 on BBB in septic rats
	2.5  Effects of miR-126 on CAT, SOD and MDA activities in brain tissue of septic rats
	2.6  Effect of miR-126 on NF-κB signaling pathway

	3  Discussion
	4  Conclusions
	Highlights
	Ethics approval
	Conflict of interests
	Data Availability Statement:
	Disclosure of potential conflicts of interest
	Funding
	References



